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Abstract 
To decrease the cleanroom requirement of a MEMS chip fabrication, Nd:YAG laser machining is integrated into silicon 
micromachining. However, to get a smooth surface the laser parameters must be chosen carefully, and a subsequent wet chemical 
etching treatment of the surface is essential. 
The process is used to fabricate a Thermoelectric Nanowire Characterization Platform (TNCP). Our TNCPs are designed to 
measure a single nanowire’s thermoelectric properties: heat and electrical conduction, and the Seebeeck coefficient. Furthermore 
it has the unique ability to also study the crystallographic structure of these nanowires by transmission electron microscopy 
(TEM). 
 
© 2015 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
As a new technology for speeding up silicon micromachining, we propose making use of a Nd:YAG laser to thin 
a <110> silicon wafer and to generate trenches being part of the functional structure of the device. This will reduce 
the necessity of several cleanroom processes, which is desirable from an economical point of view, and it also 
speeds the whole process, and at the same time giving the possibility to increase the yield. However, the topography 
of the laser machined surface is rougher compared to a wet etched surface. This can be compensated by immersing 
the lasered wafer into an etchant. The process sequence is tested with the fabrication of a new generation TNCP 
design. 
© 2015 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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2. Nanowire characterization platform: motivation and state of the art 
Nanowires are interesting for researchers from the thermoelectric point of view, as they show improved 
properties compared to bulk thermoelectric materials due to quantum confinement [1]. Currently different groups 
are investigating deeply to find the best nanostructured material for the use in energy conversion, such as 
thermoelectric energy harvesting. In the recent decade some characterization platforms were introduced, aiming at 
the measurement of the nanowires’ thermoelectric properties [2–6], all of which include sophisticated and time-
consuming cleanroom processes.  
In this paper we introduce a platform, which enables measuring the individual nanowires’ figure of merit ZT in 
addition to the possibility of its structural analysis in a TEM. The focus in the reorganized and improved fabrication 
process is to reduce the overall cost and time consumption by eliminating the necessity of conducting all steps in a 
cleanroom. 
 
3. Design and simulation 
The proper thermoelectric nanowire characterization involves the electrical (conductivity and Seebeck 
coefficient) and thermal measurement plus its TEM analysis to correlate the thermoelectric behavior with the 
topography and chemical composition [7, 8]. 
Compared to our last generation TNCPs [2, 9], in this design the thermal insulation is achieved through a 
membrane structure instead of freestanding cantilevers. This guaranties the needed mechanical stability in addition 
to TEM compatibility, as the possibility of the electrons scattering from sidewalls are reduced. The design is 
depicted in figure 1. To enable the electrical and thermal measurements, the platform is equipped with 4-point 
measurement electrodes, temperature sensors and a micro-heater. For conventional TEM sample holder 
compatibility, the platform must be thin enough (<200 μm) and its diagonal radius must be less than 3 mm. 
COMSOL FEM simulations have proven good thermal insulation of the two measurement sites (see Fig. 1).This is 
achieved by a long trench in the middle with different widths of 8, 10, and 12 μm. The varied trench sizes in 
different designs allow the placement of nanowires of different lengths. 
4. Fabrication process 
The process starts with a 300 nm thermal oxidization of a 380 μm thick silicon wafer. Then the front-side of the 
wafer is covered with 7 μm of AZ 4533 photoresist to avoid any scratch to the oxide layer. Afterwards the wafer 
backside is covered by a Scotch® tape and the back-side gap areas are scanned by a Nd:YAG laser (ACI GmbH, 10 
W max @1064 nm) to give rise to the trenches. The Scotch® tape is responsible for the protection of the oxide layer 
at the trench borders (Fig. 2- a, b). The laser frequency, scan speed, and pulse are 2500 Hz, 70 mm/s and 3 μs, 
respectively. These parameters mainly govern the surface roughness of the lasered area. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. TNCP design and FEM thermos electric simulation. 
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The depth of the trenches is governed by the laser power as shown in figure 3-a. The final trenches depth is 
approximately 170 μm. After removal of the Scotch® tape, thinning of the wafer is conducted from the backside by 
laser-scanning the whole inner area of the wafer, leaving an outer rim for ease of handling and further clean room 
processes. This process leads to an ablation of approximately 90 μm. 
The reason that thinning takes place in the second order is as following: Based on both profilometer and white 
light interferometry data, the thinned area’s surface roughness is ± 3.2 μm (see Fig. 3- b). If first the wafer is 
thinned, the Scotch® tape cannot stick firmly to the wafer and as a result the oxide at the borders does not 
completely survive the ablation process (Fig. 2- b; region 2). As a consequence, if the oxide is removed the chemical 
treatment of the wafer deteriorates the trench’s shape (compare Fig. 2- c,d). 
As the next step, after removing the protective photo resist, the wafer is immersed in a wet chemical etch bath. As 
the trend is to keep the fabrication costs low, TMAH is used as an etchant. If KOH was chosen in the very first 
fabrication step an additional Si3N4 deposition is required, as silicon oxide (etch rate 900 nm/h for KOH 30% at 90° 
C) is a poor mask for KOH etching compared to silicon nitride [10], while it has shown to be a very good mask for 
TMAH. However the effect of KOH on the lasered surface is reported elsewhere [11].  
The advantage of this step is to thin the wafer to the expected value, and also to smoothen the rough surface 
achieved by laser ablation. The etch time, and etchant temperature have an impact on the final surface quality. As an 
example, in figure 2-c the wafer is laser thinned and left in TMAH (25% 90 °C) for one hour. A mirror like silicon 
surface is achieved in region 4, with a standard deviation of ±0.48 μm (also see Fig. 3- b). Figure 2-d shows the 
wafer after being laser thinned and left in TMAH (25% 70 °C) for 20 minutes. Statistical data show the surface 
roughness in region 5 is ± 2.5 μm.  
The fabrication process continues with 200 nm platinum sputtering and Ion Beam Etching (IBE) of the front-side 
of the wafer to produce the electrode structures. The last step is opening the front-side gap by means of lithography, 
Reactive Ion Etching (RIE) and Inductively Charged Plasma (ICP). The final product’s IR microscopy photos are 
shown in figure 4. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. lasered area microscope photos. (a) and (b): trenches formed on a silicon wafer, without and with Scoth® tape, respectively. Region 
1:outside the trench border is burned due to laser heat. Region 2: if the Scoth® tape is not in a good contact with the wafer, the unprotected area’s 
oxide layer is affected; (c): wafer (a) after being laser thinned and left in an TMAH 25% at 90 °C for 60 minutes. Region (3): the trench borders 
are over etched. Region (4): A mirror like silicon surface is achieved; (d): wafer (b) after being laser thinned and left in TMAH 25% at 70 °C for 
20 minutes. 
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5. Conclusion 
Combination of laser machining with silicon micro machining can significantly enhance the fabrication from the 
time and cost aspects. This approach for TNCP fabrication, compared to our last approach [12], saves one time of 
thermal oxidation, two times of photolithography, RIE and approximately 250 μm deep wet etching. Also, as all the 
back-side processings are performed in one step the possibility of breaking the thin wafer during handling is 
reduced. 
 
6. Future work 
The nanowire assembly on the platform will be performed by direct placement with the help of micro and nano-
manipulators with small tungsten needles. Ohmic contact formation between the nanowire and measurement 
electrodes is achieved by means of Focused Electron Beam Induced Deposition (FEBID). The electrical and thermal 
measurements lead to finding of electrical and thermal conductivity and Seebeck coeficent which enables the 
calculation of different nanowires’ figure of merits. 
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Figure 3. (a) laser power versus trench depth; (b) White light interferometer data of the lasered surface roughness, before and after etch. 
a b 
Figure 4. TNCP under an IR enhanced microscope. (a) microscope’s white light is dominant, (b) IR light is dominant 
and the chip’s both sides are visible. The back side gap is well aligned with respect to the front side gap. 
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